However, the indiscriminating reactions of different elements hinder its wide use. Although chemiluminescence analysis and separation techniques have been used to determine trace gold in geological samples, 21 the complex procedures of separation restrict the speed of the chemiluminescence determination compared with the speed of the chemiluminescence reaction.
In the present work, the on-line preconcentration of gold, the on-line separation of interference ions and the on-line chemiluminescence determination of gold were studied using flow injection analysis technology.
For separating the interference ions in the matrix and concentrating gold from geological samples, the cation-exchange resin and the anionexchange resin were employed simultaneously. Gold(III) can be adsorbed on the surface of the anion-exchange resin in the form of AuCl4 -, and a large part of the interference cations can be adsorbed on the cation-exchange resin. Based on the above principles, combined with the advantages of chemiluminescence analysis and flow-injection analysis techniques, a novel method of the fast analysis of gold in geological samples is presented. The result indicated that the on-line preconcentration, separation and chemiluminescence determination of gold can be effectively and automatically finished using flow-injection analysis technology.
Experimental

Apparatus
An apparatus for flow-injection chemiluminescence analysis (Model IFFL-DD), was made at Xi'an Remex Electronic Science-Tech Co. Ltd. (China). One multifunction valve, two peristaltic pumps and three groups of three-way pipe were equipped with the apparatus.
The apparatus can run automatically according to software provided by the dealer. The chemiluminescence spectrum data can be recorded and saved automatically.
The connection of the experimental pipe line is shown in Fig.  1 . A polytetrafluoroethylene (PTFE) capillary (diameter is 0.5 mm) was used. Column C2 was filled with an anion-exchange resin (Model 717 (made in China)). It was used as an AuCl4 (Fig. 2) . Column C1 was filled with a cation-exchange resin (Model 732 (made in China)). The column inner diameter was 6 mm and its length 100 mm.
Reagents
Luminol, 3-aminophthalhydrade (98%), was purchased from England. A solution of 5 × 10 -2 mol l -1 was prepared as follows: 9.04 g of luminol was dissolved in 0.1 mol l -1 sodium hydroxide. The solution was transferred into a 1000-ml brown volumetric flask and shaken up after diluting to the mark with 0.1 mol l -1 sodium hydroxide. The luminol solution was used after three days, and was kept away from light during depositing and using.
A 0.1000 mg ml -1 portion of a standard gold solution was prepared, which contained 1 mol l -1 chloride acid. All of the reagents used were of analytical grade, and twice-distilled water was used throughout.
Experimental procedure Sample preparation. A 10.0 g dry gold-bearing sample (~200 mesh) in a porcelain dish was put into a muffle and roasted at 650˚C for 1 h to decompose the organic components. After being cooled outside the muffle, the sample was transferred into a 250-ml beaker and damped with a small amount of distilled water; 30 ml of aqua regia was added into the beaker, which was covered with a watch-glass. When the sample was completely dissolved and a wet salt was formed, it was transferred into a 50-ml volumetric flask and diluted to the mark using diluted hydrochloric acid of pH 0.8. The upper clear phase was used for the determination of gold(III). Preconcentration, separation and determination program. The apparatus ( Fig. 1 ) has a multifunctional valve with two positions (L and R). When it is in position L or R, peristaltic pumps P1 and P2 run alternately, which involves four working steps. The preconcentration of gold(III) and the separation of the other ions can be finished. The working set parameters are listed in Table  1 . The determination of gold(III) can be performed by following programs.
First, the multifunction valve was rotated to position R, and peristaltic pump P2 was turned ( Fig. 1 (B) ) and 3 mol l -1 hydrochloric acid was pumped through column C1 for regenerating column C1.
Then, the multifunction valve was rotated to position L, peristaltic pump P1 was turned ( Fig. 1 (A) ) and 0.01 mol l -1 hydrochloric acid was pumped through columns C1 and C2 orderly. C1 and C2 were eluted with 0.01 mol l -1 hydrochloric acid to pH 2, C1 was ready to adsorb the interference cations and C2 was ready to concentrate gold(III) in the sample solution.
The multifunction valve was kept at position L, and peristaltic pump P2 was operated simultaneously (Fig. 1 (A) ); the sample solution was pumped through columns C1 and C2 orderly. Interference cations were adsorbed on the cation-exchange resin when the sample solution was pumped through column C1; at the same time, AuCl4
-was adsorbed and concentrated on the surface of the anion-exchange resin in column C2.
Finally, when the multifunction valve was rotated to position R, and peristaltic pump P1 was operated ( Fig. 1 (B) ), luminol was pumped through anion-exchange resin column C2 and the chemiluminescence reaction occurred in it.
The chemiluminescence data could be recorded automatically by a computer.
Results and Discussion
Curve of the chemiluminescence intensity-time for gold
Luminol, a kind of high-sensitivity, high-luminous efficiency reagent, is widely used in chemiluminescence analysis. When it flows though chemiluminescence cell C2, its azo-quinone form can be oxdized by AuCl4 -, and 425 nm light can be emitted. The light intensity vs. time for 0.3 μg ml -1 of gold(III) is shown in Fig. 3 .
It shows that the time of the maximal chemiluminescence intensity is less than 3 s, which indicated that the chemiluminescence reaction is a fast.
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Acidity of a gold(III) sample solution
Many cations can react with luminol, which interfere with the chemiluminescence reaction of gold(III) and luminol. They can be separated by using a cation-exchange resin. The adsorption efficiency of the cation-exchange resin is mainly related to the acidity of the sample solution. The experimental results show that the higher is the acidity of the sample solution, the higher is the chemiluminescence intensity. When the pH value is less than 1, the chemiluminescence intensity becomes stable. Therefore, the acidity of the gold(III) sample solution should be controlled at pH 1, or less.
On-line concentration of gold
The anion-exchange resin (Model 717) was filled in C2, which can adsorb gold(III) on their surface when the sample solution passes through C2.
If the sample solution passes it continuously, AuCl4 -is adsorbed continuously; the concentration of gold on-line can be realized. It is evident that the enrichment times are related to the running time of the concentration and the running speed of the peristaltic pump. A series of the concentrating times and pump running speeds were tested for finding the factors effecting the enrichment times (Fig. 4) . The results showed that the effecting tendencies of the two factors were similar. When unknown samples and the calibration samples were tested, the same concentrating time and pump running speed were used, which could avoid a systematic error in the determination. The anion-exchange resin in C2 can be used hundreds of times and can be easily replaced. Infrared spectra of the resins show that the cation-exchange resin and anion-exchange resin structures are not changed after using 100 times, compared with their original infrared spectra.
Effect of the basicity and the concentration of luminol on the chemiluminescence intensity
The experiment showed that the chemiluminescence intensity was increased with the increase of the pH value for luminol aqua, but, at the same time, the blank value also increased. Taking these two factors into account, we choose pH 13.5 as the optimum medium basicity of the chemiluminescence system (Fig. 5) .
The experiment also showed that the chemiluminescence intensity can be affected by the concentration of luminol. When the concentration of luminol is 5 × 10 -3 mol l -1 , the chemiluminescence intensity is the highest, and when the concentration of luminol is more than 5 × 10 -3 mol l -1 the chemiluminescence intensity is unchanged. Thus the 5 × 10 -3 mol l -1 was chosen as the concentration of luminol for the experiment.
Calibrating curve and detection limit
For obtaining calibration curves, two series of standard solutions of gold(III) ranging from 0.0 to 5.0 μg ml -1 and ranging from 0.0 to 0.70 μg ml -1 l were pumped through C2, respectively, for 60 s. The chemiluminescence intensities of the two series were recorded and saved automatically. Two calibrating curves and correlative coefficients could be obtained by regression analysis of the peak chemiluminescence intensities of each curve vs. concentration: y1 = 74.06x -19.083 (range from 0.0 to 5.0 μg ml -1 ) and y2 = 121.6x -116.93 (range from 0.0 to 0.70 μg ml -1 ). The linear correlative coefficients are 0.998 and 0.999, respectively. Using the calibration curves and according to the average value of three-times the standard deviation of the blank, the obtained detection limit was 0.012 μg ml -1 . samples were more than that. For eliminating the effect of the interference element, the technique of on-line separation was used. The adsorption of the cation on cation-exchange resin column C1 was tested using a real sample; it is clear that a number of elements can be adsorbed on it ( Table 2 ). The experiment showed that the other noble metals did not influence the determination of gold(III), because their chemiluminescence intensity is very faint and their content is very small in geological samples. The cation-exchange resins in C1 can be used repeatedly for hundreds of times by eluting on-line.
The on-line separation of interference ions
Determination of geological samples
According to the analytical procedure, the national standard samples and real samples of Jilin province in China were determined. The analytical results are given in Table 3 . Compared with the certified value, the results obtained by the method are satisfactory.
Conclusions
A new method for the rapid determination of trace gold in geological samples was established using the solid-phase chemiluminescence analysis of flow injection. It has been confirmed that the interference ions from the matrix can be separated on-line with cation-exchange resin, and gold(III) can be preconcentrated on the surface of the anion-exchange resin using flow-injection analysis. The analytical procdure can be carried out automatically by computer. The resins can be regenerated on-line by using hydrochloric acid, and can be used over hundreds times without any structure changing. Because the preconcentration time can be set according the content of gold in the sample, the new method can be used to test different contents of gold. 
